The hallmark of postmenopausal osteoporosis (PMOP) is rapidly deteriorating bone volume experienced during the postmenopausal period (1) . This condition is emerging as a significant metabolic bone disease, given the global demographic shift toward an increasingly aged society. Studies estimate that nearly 200 million people around the world suffer from osteoporosis (OP), with approximately 8.9 million people experiencing osteoporotic fractures (2) . Although the etiology of OP remains unclear, lack of estrogen, malnourishment, and several genetic factors have been found to contribute to the development of OP (3) . On the level of cellular pathophysiology, there is an imbalance between bone resorption and new bone formation by osteoclasts and osteoblasts, respectively, resulting in an overall reduction in bone mass. Usually, OP results from a preponderance of osteoclast activity over that of osteoblasts (4) . Bone loss is much more common in trabecular bone since it undergoes more extensive bone remodeling than cortical bone does (5) . Therefore, bones with a higher proportion of trabecular bone, including the vertebrae and femoral neck, are more susceptible to OP (6) . So far, OP is mainly diagnosed based on the complaints of back pain, radiographic changes of bone volume, and bone mineral density (BMD) at both the proximal femur and lumbar spine (7) . However, radiographic alterations including the presence of bone loss are usually signs of medium-late stage OP (8) . Recently, biochemical markers involved in increased bone turnover have been proposed as potential indicators of the degree of severity of bone resorption (9) . Accumulating evidence supports markers that indicate bone turnover to be associated with OP progression. Therefore, these markers are being investigated as biomarkers for diagnosing early OP and for monitoring disease progression (10) .
Chemokines are small, soluble chemo-attractive cytokines involved in regulating cell recruitment. They have been implicated in cell differentiation, apoptosis, and proliferation, as well as other physiological activities (11) . Chemokine cytokine ligand 3 (CCL3), also known as macrophage inflammatory protein-1α is one of the most extensively investigated chemokines. CCL3 is a chemo-attractive cytokine chemokine that has chemotactic activity on dendritic cells, monocytes, basophils, and eosinophils. In recent years, the role of CCL3 in bone metabolism has been partially investigated. CCL3 binds to its receptor, chemokine cytokine receptor 1, to inhibit the differentiation, proliferation, and osteogenic potential of osteoblasts by impairing mineralization activation by downregulating the expression of osteocalcin (OCN), runt-related transcription factor 2 (Runx2), and osterix (Osx) (12) . Moreover, administering an anti-CCL3 antibody can increase the levels of OCN, Runx2, and Osx, partially restoring the activity of osteoblasts (12) . CCL3 also functions as a chemotactic molecule for mature osteoclasts (13) and osteoclast precursor cells (14) . Rat bone marrow cultures display elevated levels of osteoclasts upon exposure to CCL3 (15, 16) . Experiments also (17) implicated CCL3 in multiple myeloma, a condition characterized by pathological osteoclastogenesis. Taken together, it is possible that CCL3 will play a pivotal role in OP progression. Nevertheless, the current literature does not fully explain the relationship between serum concentrations of CCL3 and OP disease severity. Hence, in this study, we sought to quantify serum CCL3 levels in patients with OP to evaluate its utility as a biomarker for predicting PMOP disease severity.
MATERIALS AND METHODS
This study was approved by Nanjing Medical University Affiliated Wuxi Second Hospital Scientific or Ethical Committee (approval number: 2016-05). From September 2016 to June 2017, 82 postmenopausal women diagnosed with OP (PMOP) in our hospital were recruited into the current cross-sectional study. All diagnoses were based on the World Health Organization diagnostic criteria for OP (18) . Exclusion criteria were as follows: the presence of other metabolic bone diseases that may cause low BMD, such as osteomalacia, hyperparathyroidism, and vitamin D deficiency; presence of significant renal, liver, or cardiovascular disease; a history of calcitonin, selective estrogen receptor modulators, or estrogen intake within the last 3 months or a history of bisphosphonates (BP) or glucocorticoids intake within the last 6 months. Seventy-six postmenopausal women with normal bone volume [postmenopausal non-osteoporotic (PMNOP)] and 80 healthy women of childbearing age (ranging from 20 years to 49 years) were recruited as controls. All participants were informed of the study process and provided consent.
Laboratory examination
At 8:00 AM after overnight fasting, venous blood was collected from all participants in vacutainer tubes and quickly centrifuged. Samples were frozen at -80 °C before the examination. Levels of CCL3 were assessed in a blinded fashion by a quantitative sandwich enzyme-linked immunosorbent assay kit (Quantikine; R&D Systems, Minneapolis, MN). Blank controls, standards, and sample wells were set according to the manufacturer's instructions. The sample concentrations of CCL3 were calculated from the standard curve. Serum levels of interleukin (IL)-6 (1:1000, Santa Cruz, USA), tumor necrosis factor-α (TNF-α) (1:1000, Santa Cruz, USA), tartrate-resistant acid phosphatase 5b (TRACP-5b) (1:1000, Abcam, Cambridge, UK), and cross-linked carboxyterminal telopeptide of type 1 (CTX-1) (collagen, 1:1000, Abcam, Cambridge, UK) were also tested using the same procedure. The inter-assay for CCL3, IL-6, TNF-α, CTX-1, and TRACP-5b were shown to be 3.3%, 5.2%, 4.0%, 3.1%, and 3.9%, respectively. The intra-assay coefficients of variation CCL3, IL-6, TNF-α, CTX-1, and TRACP-5b were 4.6%, 6.6%, 6.3%, 7.5%, and 5.3%, respectively. All sample tests were repeated at least three times.
Evaluation of clinical severity
Clinical severity was evaluated using the Oswestry Disability Index (ODI) and the visual analogue scale (VAS). Scores on the VAS were evaluated using a scale ranging from 0 (no pain present) to 100 mm (worse possible pain) (19) . The ODI (20) evaluates "backspecific functions" via a self-administered questionnaire assessing 10 items, with points ranging from 0 to 5 for each item and the final score totaling between 0 to 100 points. The ten items include pain intensity, sleeping, standing, sitting, walking, lifting, personal care, travel, work, and social life. Patients with higher scores have more severe disease when compared with patients with lower scores.
Evaluation of bone mineral density
The BMD for all subjects was assessed with the help of dual energy X-ray absorptiometry (Prodigy Advance, General Electric Company, Fairfield, CT, USA) scans at the femoral neck, total hip, and lumbar (L1-L4) spine. Bone area and bone mineral content scores were used to calculate BMD (g/cm 2 ). Patient scans were performed by an independent operator who was blinded to the results of the analysis.
Statistical analysis
All data were described as mean ± standard deviation, median (interquartile range), or frequencies. Statistical normality was assessed with the Kolmogorov-Smirnov test. Comparisons of the characteristics between PMOP women, PMNOP women, and healthy controls were performed by a one-way ANOVA or Kruskal-Wallis test, depending on the data distribution. Bartlett's test was applied to examine the group variance homogeneity with the Tukey or Tamhane test for post-hoc analysis. Correlations of CCL3 concentrations in serum with BMD, clinical severity, and biochemical indices were calculated by both Spearman correlation and multivariate linear regression analyses. The adjusted correlation coefficients by body mass index (BMI) and age were also calculated. All analyses were performed using the Graph Pad Prism 6.0. P values less than 0.05 were considered statistically significant. The statistical power was calculated by the tool, Power Analysis and Sample Size, (PASS 2008 Statistical Software, UT, USA) based on different means of CCL3 levels, standard errors, and the number of enrolled patients in each group. Strong statistical power was determined when >0.8. (Figure 1 , Table 1 ). Calculated statistical power was determined to be 0.92.
RESULTS

Basic data of all participants
Correlation of serum chemokine cytokine ligand 3 levels with bone mineral density
The bone mineral density at femoral neck, L1-4 lumbar spine and total hip were significant lower in PMOP group compared with PMNOP and control group (Table 2) . Serum CCL3 levels were analyzed to determine their correlation with BMD in PMOP. We found higher CCL3 levels were correlated with lower femoral neck BMD (r=-0.329, p=0.003), lower total hip BMD (r=-0.345, p=0.002) ( Figure  2a ) and lower lumbar 1-4 BMD (r=-0.354, p=0.001) (Figure 2c ).
Correlation of chemokine cytokine ligand 3 in serum with clinical severity and biochemical indices
We explored the correlation of serum CCL3 concentrations with VAS and ODI clinical severity scores to illustrate whether CCL3 is related to clinical manifestations. We also showed that CCL3 concentrations in serum were significantly related to clinical severity defined by VAS (r=0.413, p<0.001) (Figure 3a) and ODI (r=0.360, p<0.001) (Figure 3b ). CCL3 was positively associated with bone resorption markers TRACP-5b (r=0.371, p<0.001) (Figure 4a ), CTX-1 (r=0.317, p=0.004) (Figure 4b ) and inflammatory cytokines TNF-α (r=0.305, p=0.005) (Figure 4c ) as well as IL-6 (r=0.288, p=0.008) (Figure 4d ). All these correlations remain significant adjusted by age and BMI (Table 3) . Multivariate linear regression analysis demonstrated that CCL3 could serve as an independent candidate marker for the assessment of both BMD and clinical severity ( 
DISCUSSION
To the best of our knowledge, our findings are the first to illustrate that women with PMOP who have decreased BMD also have increased levels of serum CCL3, demonstrating a correlation between this chemokine and OP. In addition, we found that levels of CCL3 mirror the symptomatic severity as evaluated by both VAS and the ODI. CCL3 levels were also related to the expression of biochemical indices. This data suggests that CCL3 is an important mediator of OP progression in PMOP women.
During the past few years, a number of studies have been performed to explore in detail the regulatory mechanisms for both physiological and pathological bone turnover as well as in the field of "osteoimmunology" an emerging field of research seeking to understand skeletal and immune system interactions further (21) . Bone tissue and the immune system have been shown to have overlapping functions via shared receptors, soluble molecules, and signaling pathways (22) . Therefore, inflammation or the immune response may play a pivotal role in the progression of OP. Chemokines are cytokine factors that mediate both the activation and migration of leukocytes and other cells expressing G-protein coupled receptors (23) . There are four major subgroups of chemokines that are based on their amino-terminal conserved cysteine residue sequences, namely CXC, CC, C, and CX3C (23) . Chemokines are crucial in initiating osteoclast activation and osteoclastogenesis (24) . CCL3, in particular, is induced by RANKL during osteoclast differentiation (25) and is a wellestablished factor that induces osteoclast formation in multiple myeloma (17) . CCL3 is a chemotactic cytokine for macrophages and acts to induce osteoclasts gathering and activity further (25) . Osteoblastic cells express CCL3 at bone remodeling sites (26) in association with osteoclast proximity, suggesting that CCL3 directly affects osteoclastogenesis or recruits osteoclast precursors. We demonstrated that serum CCL3 levels were associated with decreased BMD in the femoral neck, total hip, and 1 st to 4 th lumbar vertebrae, suggesting that CCL3 may both induce osteoclast activity and lead to decreased bone volume. Chronic back pain is one of the most important complications of PMOP. Vague lower back pain is common in osteoporotic patients, irrespective of the presence of a vertebral fracture. Ohtori et al. (26) reported that up to 10.4% of PMOP patients with lower back pain had no evidence of fractures (27) . In addition, decreased BMD is related to an increased risk of fracture of the vertebra, which, in turn, may also contribute to chronic pain and restricted back movement (28, 29) . Drugs used to treat OP including BP can alleviate pain by acting on osteoclast activity. Two clinical studies reported that OP patients without vertebral fractures treated with BP showed a significant increase in their lumbar BMD as well as relief of back pain (27, 30) . These findings suggest that OP, bone resorption, and pain were tightly correlated, and bone resorption may cause osteoporotic bone pain. CCL3 has been shown to modulate pain. One previous study has shown that elevated CCL3 expression in inflamed tissues is closely associated with both acute and chronic inflammatory hyperalgesia and chronic mechanical allodynia (31) . In addition, levels of inducible CCL3 have been shown to be significantly increased, alongside the heightened production of inflammatory cytokines, in patients with chronic and recurrent cervical neck pain (32) . In this study, we found that increased CCL3 concentrations in serum are positively related to both VAS and ODI, implying that CCL3 may participate in pain related to osteoclast activity. Bone-resorbing osteoclasts strongly express the TRACP enzyme. Two types of TRACP exist in human blood circulation: TRACP5a derived from dendritic cells and macrophages, and osteoclastderived TRACP-5b (33, 34) . Recent studies have suggested that TRACP-5b may function as a marker of osteoclast activity, the number of osteoclasts, and bone resorption (35) . CTX-1 has been shown to be a reference marker in OP for monitoring disease progression, the risk for fracture, and prognosis (36) . A recent metaanalysis of six prospective studies in postmenopausal women and elderly men revealed a modest but significant correlation of serum CTX-1 and fracture risk (37) . CTX-1 appears to be a sensitive, specific, and rapidly available bone resorption biomarker that can predict a PMOP patient's response to BP therapy. Previous studies have identified that CTX-1 and TRACP-5b were significantly elevated in PMOP patients when compared with healthy controls, and were negatively correlated with BMD (38, 39) . In addition, estrogen deficiency during menopause disproportionally increases osteoclastic resorption activity without a corresponding increase in osteoblastic activity, resulting in a higher amount of bone resorption compared with bone deposition, and ultimately producing a net loss of bone (40) . Meanwhile, estrogen levels fall and inflammatory markers such as IL-6 and TNF-α levels increase, all of which accelerate the bone remodeling cycle, with intensive activation of osteoclasts, and greater bone resorption. In this study, we discovered a positive correlation between serum CCL3 levels and elevated CTX-1 and TRACP-5b levels. We also observed a positive relationship between CCL3 and IL-6 as well as TNF-α levels, further supporting the role that CCL3 played in osteoclasts activity along with bone turnover markers. This study has a number of limitations. First, our study is designed as a cross-sectional study that involves a relatively small sample size. Our findings would benefit from further validation by undertaking longitudinal studies in a larger cohort. Second, the concentrations of other chemokines potentially involved in OP progression were not assessed. Last, we did not explore whether drug treatment could decrease serum CCL3 levels.
In conclusion, we found that CCL3 levels were more elevated in PMOP than in healthy women. CCL3 levels were positively correlated with disease severity in PMOP. CCL3 in serum may represent a novel potential biomarker that reflects PMOP disease severity. Studies that are more extensive are warranted to evaluate the potential utility of CCL3 in monitoring both the development and progression of PMOP further.
